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HÎTRODUCTION
Amalgama o f  a c t i v e  m a t a i s  s u c h  a s  a lu m in u m  and  
m a g n es iu m  h a v e  b e e n  t h e  r e d u c i n g  a g e n t s  u s e d  sK>st f o r  c o n ­
v e r t i n g  k e t o n e s  t o  t h e  c o r r e s p o n d i n g  p i n a c o l s .  T h i s  t e c h ­
n i q u e  s u f f e r s  fro m  s e r i o u s  d i s a d v a n t a g e s ,  h o w e v e r ,  s u c h  a s  
t h e  s p e c i a l  p r e p a r a t i o n s  o f  t h e  a m a lg a m , u s e  o f  l a r g e  
v o lu m e s  o f  s o l v e n t ,  and t h e  f o r m a t i o n  o f  l a r g e  q u a n t i t i e s  
o f  f l o c c u l e n t  p r e c i p i t a t e s  w h ic h  i n t e r f e r e  w t t h  t h e  i s o l a ­
t i o n  o f  t h e  p r o d u c t .  R e d u c t i o n  o f  t h e  k e t o n e  a t  t h e  c a t h ­
o d e  o f  a n  e l e c t r o l y t i c  c e l l  a v o i d s  t h e s e  d i f f i c u l t i e s  and  
i s  e s p e c i a l l y  a d a p t e d  f o r  l a r g e  s c a l e  o p e r a t i o n s .  T h e  
p r i n c i p a l  p r o b le m  t h a t  a r i s e s  i n  t h e  u s e  o f  t h i s  t e c h n i q u e  
i s  t o  o b t i - i n  a  c a t h o d e  w h ic h  w i l l  g i v e  h i g h  c u r r e n t  e f f i ­
c i e n c i e s ,  1 .  e .  p r o d u c e  l i t t l e  h y d r o g e n .
The p r o b le m . -  The e l e c t r o d e s  u s e d  m o st  h a v e  b e e n  
made o f  t h e  m e t a l ,  c a s t  o r  r o l l e d  i n t o  t h e  p r o p e r  s h a p e ,  
w i t h  o r  w i t h o u t  a p l a t i n g  o f  a n o t h e r  m e t a l .  I t  i s ,  how­
e v e r ,  f r e q u e n t l y  i n c o n v e n i e n t  t o  make t h i s  t y p e  o f  e l e c ­
t r o d e  i n  t h e  a b s e n c e  o f  m e t a l l u r g i c a l  e q u ip m e n t  a n d  com­
m e r c i a l l y  a v a i l a b l e  s h e e t  m e t a l s  f r e q u e n t l y  c o n t a i n  s m a l l  
a m o u n ts  o f  i m p u r i t i e s  w h ic h  i n t e r f e r e  w i t h  t h e  r e d u c t i o n .  
The p u r p o s e  o f  t h i s  s t u d y  w as t o  d e v e l o p  a c a t h o d e  m a t e r i a l  
w h ic h  w a s  r e a d i l y  a v a i l a b l e ,  and w o u ld  p r o d u c e  t h e  d e s i r e d
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r e d u c t i o n  i n  g o o d  y i e l d  w i t h  h i g h  c u r r e n t  e f f i c i e n c y *
The m a t e r i a l  s e l e c t e d  w a s  c o p p e r  g a u z e *  B e s i d e s  i t s  
a v a i l a b i l i t y  and p u r i t y ,  c o p p e r  g a u z e  h a s  t h e  a d d i t i o n a l  
a d v a n t a g e s  o f  b e i n g  l i g h t ,  e a s i l y  s h a p e d  i n t o  t h e  d e s i r e d  
f o r m ,  and r e a d i l y  p l a t e d  v j i th  o t h e r  m e t a l s .  C o p p er  g a u z e ,  
b o t h  p l a i n  and p l a t e d ,  h a s  b e e n  u s e d  a s  an e l e c t r o d e  i n  t h e  
r e d u c t i o n  o f  v a r i o u s  s u b s t a n c e s , b u t  no s y s t e m a t i c  
s t u d y  h a s  b e e n  made o f  i t  a s  t h e  c a t h o d e  f o r  t h e  r e d u c t i o n  
o f  e i t h e r  k e t o n e s  o r  a n y  o t h e r  c l a s s  o f  com pounds* T he  
o v e r v o l t a g e  o f  p u r e  c o p p e r  i s  t o o  lo w  t o  r e d u c e  t h e  k e t o n e  
b y  i t s e l f ,  b u t  b y  p l a t i n g  t h e  c o p p e r  w i t h  a  m e t a l  o f  h i g h  
o v e r v o l t a g e ,  i t  h a s  b e e n  fo u n d  t h a t  t h e  c a t h o d e  b e h o v e s  
a s  i f  made o f  t h a t  m a t e r i a l  e v e n  t h o u g h  t h e  p l a t i n g  i s  s o  
t h i n  a s  t o  b e  v i r t u a l l y  i n v i s i b l e .
M ethod o f  s t u d y . -  P - h y d r o x y p r o p io p h e n o n e  w as  
s e l e c t e d  a s  t h e  k e t o n e  and  i t s  r e d a c t i o n  w as s t u d i e d  
v a r y i n g  t h e  c a t h o d e ,  pH , t e m p e r a t u r e ,  and c u r r e n t  d e n s i t y .  
B e s i d e s  b e i n g  c o m m e r c i a l l y  a v a i l a b l e  and  r e l a t i v e l y  i n e x ­
p e n s i v e ,  t h i s  compound h a s  t h e  a d v a n t a g e  o f  b e i n g  s o l u b l e  
i n  a q u e o u s  a l k a l i  and  s i n c e  i t  i s  a n  u n s y m m e t r lc a l  k e t o n e ,  
i t  Can fo rm  tw o i s o m e r i c  p i n a c o l s  s o  t l i a t  t h e  r a t i o  o f  
i s o m e r s  fo r m e d  u n d e r  v a r i o u s  c o n d i t i o n s  c a n  a l s o  b o  s t u d i e d .  
O t h e r  w o r k e r s  h a v e  r e p o r t e d  t h e  e l e c t r o l y t i c  r e ­
d u c t i o n  o f  t h i s  k e t o n e  a t  a  l e a d  c a t h o d e , ^  b u t  n o  d e t a i l e d  
s t u d y  h a s  b e e n  made and  t h e  y i e l d s  o f  p i n a c o l  h a v e  b e e n  l o w .  
The a p p a r a t u s  u s e d  w a s  s i m i l a r  t o  t h a t  p r e v i o u s l y  d e s c r i b e d , 3 
The m e t a l s  s e l e c t e d  f o r  p l a t i n g  w e r e  o n e s  w h ic h  w e r e  e x p e c t e d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
- 3 —
t o  J iave a  h i g h  o v e r v o l t a g e  s o  a s  t o  b r i n g  a b o u t  t h e  d e s i r e d  
r e a c t i o n .  No r e a l l y  a c c u r a t e  m ethod  f o r  d e t e r m i n a t i o n  o f  
o v e r v o l t a g e  h a s  b e e n  d e v e l o p e d ,  h o w e v e r ,  i t  i s  p o s s i b l e  t o  
make q u a l i t a t i v e  c o m p a r i s o n s  and on  t h e  b a s i s  o f  t h e  w ork  
o f  C a sp a r i'^  and  T a f e l , ^  l e a d ,  m e r c u r y ,  t i n ,  cadm ium , t h a l ­
l i u m ,  a r s e n i c ,  a n t i m o n y ,  and b i s m u t h  v /e r e  s e l e c t e d .  T he  
r e s u l t s  o b t a i n e d  a r e  su m m arized  i n  T a b le  I .  The y i e l d s  
r e p o r t e d  a r e  t h e  t o t a l  c r u d e  y i e l d ,  c o n t a i n i n g  a m i x t u r e  
o f  t h e  d l  and m eso i s o m e r s  a f t e r  t h e  s e p a r a t i o n  o f  gummy 
m a t e r i a l s  and u n r e a c t e d  s t a r t i n g  m a t e r i a l .  T h i s  w a s  f e l t  
t o  g i v e  t h e  b e s t  i d e a  o f  a c t u a l  y i e l d  o b t a i n e d  s i n c e  s e p ­
a r a t i o n  o f  t h e  i s o m e r s  e n t a i l e d  som e h a n d l i n g  l o s s e s .  T he  
p r o c e s s  w a s  a l s o  t o o  t e d i o u s  t o  b e  p r a c t i c a l  f o r  i n d i v i d u a l  
r u n s .
D ISC 'ISSÏüN
\ ,h en  u s i n g  c a t h o d e s  o f  4 0  a n d  6 0  m e sh ,  t h e  c u r r e n t  
e f f i c i e n c y  d e p e n d e d  o n  t h e  p l a t i n g  m e t a l  u s e d .  I n  t h e  
c a s e  o f  2 0  m esh  g a u z e  and  c o p p e r  w i r e  o f  26  g a u g e  t h e  c u r ­
r e n t  e f f i c i e n c y  w as v e r y  low  i n  a l l  o a s e s ,  e v e n  v h e n  p l a t e d  
w i t h  m e t a l s  v ;h ic h  g a v e  h i g h  c u r r e n t  e f f i c i e n c i e s  w i t h  t h e  
f i n e r  m e sh . S i n c e  i t  w as i n c o n v e n i e n t  t o  o o r a r a t e  u a -  
r e a c t e d  s t a r t i n g  m a t e r i a l ,  a n  e x c e s s  o f  c u r r e n t  w as
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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g e n e r a l l y  p a s s e d  t i i r o u g i i  t h e  c e l l .  h e n  t h e  am oun t o f  
c u r r e n t  u s e d  w>s g r e a t l y  i n  e x c e s s  o f  t h a t  n e e d e d ,  f o r  
t h e  f o r m a t i o n  o f  t h e  p i n a c o l  i n  a c i d  m edium , no  a t t a c h  on  
t h e  p i n a c o l  w as n o t e d .  H o w e v e r ,  when a n  e x c e s s  o f  c u r r e n t  
w as u s e d  i n  a l k a l i n e  medium t h e r e  w as f u r t h e r  r e d u c t i o n  o f  
t h e  p i n a c o l  g i v i n g  r i s e  t o  gummy p r o d u c t s .  C o n s e q u e n t l y ,  
t h e  am ount o f  c u r r e n t  u s e d  i n  a l k a l i n e  medium w as j u s t  
s l i g h t l y  i n  e x c e s s  o f  t h e  t h e o r e t i c a l .
C a t h o d e s . -  The m e t a l s  u s e d  i n  p l a t i n g  t h e  c o p p e r  
g a u z e  and  t h e  c o a t i n g s  o b t a i n e d  w e r e  c r i t i c a l .  I t  w a s  
t h a t  i n  t h e  c a s e  o f  m e r c u r y ,  a s  l i t t l e  a s  6  mg. o f  m e r c u iy  
o v e r  a  s u r f a c e  a r e a  o f  3 3 0  s q .  cm . e f f e c t e d  a r e d u c t i n n  i n  
a c i d  m edium , w h e r e a s ,  a  h e a v i l y  m e r c u r y  p l a t e d  c a t h o d e  
a  s m a l l e r  y i e l d  o f  p i n a c o l .  I t  w a s  a l s o  n o t e d  th z it  t h e  
c a t h o d e  o r i g i n a l l y  p l a t e d  w i t h  6  m g. o f  m e r c u r y  c o u l d  b e  
u s e d  i n  tw o  m ore s u c h  r e a c t i o n s  b e f o r e  i t  w as n e c e s s a r y  t o  
r e p l a t e  t h e  c a t h o d e ,  v.hen t h i s  r e p l a t i n g  w as fo u n d  n e c ­
e s s a r y  1 . 5  mg. o f  m e r c u r y  r e p r o d u c e d  t h e  o r i g i n a l  a c t i v i t y .
I n  a l k a l i n e  m edium , t h e  h e a v i l y  m e r c u r y  p l a t e d  c a t h o d e  w a s  
fo u n d  m o st  e f f i c i e n t .  ï . ïo s t  p r o b a b l y  a  soditLn am algam  w as  
f o r m e d ,  f o r  when a p o o l  o f  m e r c u r y  w as u s e d  a s  t h e  c a t h o d e ,  
e x c e l l e n t  r e s u l t s  w e r e  o b t a i n e d ,  b u t  t h e  p o o l  b e g a n  t o  
s o l i d i f y  an d  w hen w a sh e d  w i t h  w a t e r , a s t e a d y  e v o l u t i o n  
o f  h y d r o g e n  w as n o t e d .  C o p p er  g a u z e  w a s  a l s o  h e a v i l y  p l a t e d  
w i t h  n i c k e l  and s i l v e r  and t h e s e  w e r e  t h e n  a m a lg a m a te d .
T he r e s u l t s  o b t a i n e d  v jere  p o o r e r  t h a n  f o r  a m a lg a m a ted  c o p p e r ,
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CD■D
OQ.
CD
Q .
§ 
1—H3""O
CD
Run No, Cathode Catholyte AmpereHours 
% of Theor,
Volts Temp ? Crude 
®C Yield
M.P.
OC
Current
Density
amps/cnr
3C/) 10. Pb llg^t on 40 200 ml methanol,70 5.6 (316?) 8 25-40 43.0 160-170 0.0305
§ mesh copper ml HgO, 4 ml HgSÔ
CD
(Reused § 9 )
8 11, Pb light on 40 200 ml methanol,70 4. 25(300?) 8 40 41.0 140-52 0,0305
(O'
3 "
mesh copper ml HgO, 4 ml Ĥ SÔ
Ï
3 12, Pb light on 40 200 ml met hand, 70 4.9 (276?) 8 25 45.0 149-62 0,0305
CD
"n
mesh copper ml HgO, 4 ml R̂ SÔ
c
3 .
3 "
CD 13. Pb light on 40 200 ml methanol,70 6,3 (350?) 10 25 a .5 167-73 0.0079
3"O
mesh copper ml HgO, 4 ml HgSÔ
o
Q .
C 14. Pb light «n 60 125 ml methanol,35 2.2 (240?) 7.5 25 40.0 154-63 0,0063a
o
3
mesh copper ml H2O, 2 ml H2̂ ®4
■DO
3 " 15. Pb light on 60 125 ml methanol,3 5 2.2 (240?) 7,5 25 32.0 146-148 0.0063
CT
1—H mesh copper ml H5O, 2 ml H5SO. St. Mat.
Q .
g (Reused #14)
?O
C_ 16. Pb light on 60 125 ml methanol,35 2.2 (240?) 7.5 30 24.0 148-156 0.0063"O
CD
3
mesh copper ml HgO, 3 ml HgSÔ
</)'C/)
o ' 17. Pb light on 60 125 ml methanol,35 3.3 (360?) 7.5 30 0 0.0063
3 mesh copper ml H ÿ, 1 ml HgSOĵ
IS. Pb light on 60 125 ml met hand, 3 5 3.3 (360?) 7-30 30 0 0.0063
mesh copper ml H-O, 2 ml H-SO,
No Diaphragm, ic  ^  4
19, Pb light on 60 125 ml methanol,35 3.3 (360?) 15-30 30 16,0 144-47 0,0063
mesh copper ml Ĥ O, 5 ml Ĥ SÔ
f
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CD■D
OQ.C
gQ.
g
1—H3"
"OCD
Hun No. Cathode Catholyte AmpereHours 
% of Theor.
Volts Temp
o c
% Crude 
Yield
M.P. Current
Density
anros/cm
3
c/)c/)
o"3
O
50. Rg-Nl on 60 œefih 
copper (10 atg.Hg)
135 ml methanol,35 
ml BgO, 3 ml HgSÔ
2.2 (240ÎÈ) 12.5 25 36.0 140-54 0.0067
3CD
8
=.
51. Hg-Nl on 60 mesh 
copper (20 ag.Hg)
135 ml methanol,35 
ml HgO, 3 ml Ĥ SÔ
2.2 ( 240$) 12.5 25 38.0 146-58 0.0067
CO3"
i3CD
52. Hg-Ag on 60 mesh 
copper (50 mg.Rg)
135 ml methanol,35 
ml HgO, 3 ml HgSÔ
2.2 (240^) 12.5 25 14.0 162-74 0.0067
"nc3.3"CD
53. Hg heavy on 60 
mesh copper
85 ml methanol, 40 
ml 830,15 ml HjPÔ
3.85(310%) 17.5 15 31.5 140-80 0.0067
3"O
oQ.C
a
O3
54. Reused #53 80 ml methanol, 40 
ml 830,15 ml HAc 
6 g ., NaAc
2.75(220%) 22.5 30 34.3 180-205 0.0067
■D
O3"
CT
1—HCDO.
55. Rg heavy on 60 
mesh copper
85 ml methanol, 40 
ml HgO, 3 ml RgSÔ^
1.8 (145%) 10 20 22.9 154-193 0.0073
$ 
1—H3"OC_
"OCD
3
56. Hg heavy on 60 
mesh copper
75 ml fltôthanol,30 
ml H 0,15 ml KAc 
6 g , ,  NaAc
2.2 (177%) 15 25 21.4 165-204 0.0067
<7>-C/)
o"3 57. Hg heayy on 60 mesh copper
85 ml T-Butyl a le. 
30 ml HoO, 6 g KaAc 
15 ml HAc
1.8 (140%) 30 35 12.8 150-64 0,0055
58. Hg heavy on 60 
mesh copper
35 ml T-Butyl a le. 
45 ml methanol, 18 
ml HAc, 6 g. NaAc 
40 ml HgO
2,0 (160%) 35 30 33.0 150-84 0.036
CD
■D
O
Q.
C
g
Q.
g
1—H
3"
Hun No« Cathode Catholyte Ampere Hours 
% of Theor.
Volts T@mp % Crude 
Yield
M.P.
®C
Current
Density
amos/cm'
"m
3 59. Hg heavy on 60 160 ml methanol, 60 2.2 (123^) 10 25 48.0 1 7 2 - 9 0 0.0067w
5 '
3
O
mesh copper ml HgO, 6 ml
3
CD 60. Rg light <m 60 160 ml methanol, 60 2.2 (123 )̂ 10 25 2 5 . 0 161-200 0.0058
8 mesh copper ml H«0, 6 ml H«S0,
c i'
(12 mg. Hg.) •C 6  4
3"
i 61. Hg heavy on 40 170 ml methanol, 60 4.0 (227^) 10 25 38.0 150-87 0.0060
3
CD mesh copper ml HgO, 6 ml HgSOĵ ^
"n
c
3- 62. Hg heavy on 20 170 ml methanol,60 4.0 (227^) 10 25 0 0.0077
CD
3
mesh copper ml HgO, 6 ml HgSÔ
"O
o
Q. 63. Hg heavy on 40 160 ml methanol, 60 4.0 (227^) 10 25 44.0 151-74 0.0060
C
a
O
mesh copper ml HgO, 6 ml HgSÔ
■D
O 64. Hg heavy on 40 160 ml methanol,60 4.0 (227%) 10 25 49.0 144-79 0.0060
3"
CT
1—H
mesh copper ml H2O, 6 ml HgSO/̂
,
Q.
$
(—H 65. Hg heavy on 60 2 H RaOH 2.1 (100:2) 12.5 30 35.0 173-79 0.0604
3"
O
C_
mesh copper
"O
CD
3 66. Hg pool 2 H NaOH 2.1 (153^) 12.5 30 Acetylated & 0.1783
w'
C/)
o "
Dehydrated
3
67. Hg pool 2 N N^H 2.1 (139$) 12.5 30 Schotten* 0.1783
Baumann
68. Hg heavy on 60 2 N NaOH 2.1 (200$) 12.5 30 44.0 150-88 0.0362
h
mesh copper
CD
■D
O
Q .
C
g
Q .
■D
CD
C/)W
o "3
0
3
CD
8
ci'3"
1
3
CD
"n
c
3 .
3"
CD
CD
■D
O
Q .
Ca
O
3
■D
O
CD
O.
■D
CD
C/)
C/)
Run No, Cathode Catholyte AmpereHours 
% of Theor,
Volts Temp
®C’
% Crude 
Yield
M.P.
®C
Current
Density
amps/cm̂
69. Hg pool 2 N NaOH 2,1 (230^) 12.5 30 98.0 150-74 0,1783
70. Hg heavy co 60 
meah copper
2 N NaOH 1,8 (lOOSg) 25 50,0 150-60 0,00093
71. Hg heavy on 60 
nesh copper
2 N NaOH 2,1 (120%) 12,5 25 74.0 142-159 0,106
72, Hg heavy on 60 
mesh copper
2 N NaOH 2.65(150%) 12,5 25 12.0 186-200 0.106
73. Hg*-Na pool 2 N NaOH 2,1 (127%) 12.5 25 68,0 153-63 0.1684
74. Hg-Na pool 2 N NaOH 2,5 (140%) 12,5 25 7.0 172-79 0,1634
75. Hg heavy on 60 
mesh copper
2 N NaOH 2,5 (140%) 7.5 30 63.0 150-65 0.0076
76, Hg heavy on 60 
mesh copper
2 N NaOH 2.5 (140%) 7,5 30 87.0 150-65 0,0076
77. Hg heavy on 60 
mesh copper
2 N NaOH 4.2 (310%) 7,5 15 90,0 150-165 0.2415
78. Hg heavy on 60 
mesh copper
5 N NaOH 2.8 (225%) 7,5 15 17.2 170-85 0.0073
79. Hg heavy on 60 
mesh copper
30^ NaOH 2.75(220%) 10 30 26.0 146-71 0,0067
80. Hg heavy on 60 
mesh copper
2 N NaOH 1.65(100%) 7.5 20 95.0 155-70 0.007
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V/ith. l e a d  p l a t e d  c a t i i o d e s ,  n o  d e f i n i t e  minimum  
o f  l e a d  c o n c e n t r a t i o n  w as e s t a b l i s h e d  s o  t h a t  j u s t  l i g h t  
and  h e a v y  p l a t i n g s  w e r e  u s e d ;  a  l i g h t  p l a t i n g  b e i n g  o n e  
w h e r e  c o p p e r  w a s  v i s i b l e .  I n  o r d e r  t o  o b t a i n  u n i f o r m l y  
l i g h t  p l a t e d  e l e c t r o d e s ,  h e a v i l y  p l a t e d  o n e s  w e r e  f i r s t  
p r e p a r e d  an d  t h e n  d i p p e d  i n  a  s o l u t i o n  o f  3-5/^» c o p p e r  
s u l f a t e .  T h e s e  d ip p e d  c a t h o d e s  w e r e  r e a c t i v e  and  f a i r  
r e d u c t i o n s  i n  a c i d  medium w e r e  o b t a i n e d .  H e a v i l y  c o a t e d  
l e a d  g a v e  p o o r e r  r e s u l t s  i n  a c i d  medium an d  l e a d  c a t h o d e s  
o f  e i t h e r  t y p e  g a v e  v e r y  lo w  c u r r e n t  e f f i c i e n c i e s  i n  a l ­
k a l i n e  m ed ium . R e s u l t s  w i t h  cadm ium  w e r e  q u i t e  s i m i l a r  t o  
t h o s e  o f  l e a d ,  w h i l e  s m a l l e r  y i e l d s  w e r e  o b t a i n e d  w i t h  
b is m u t h  and t h a l l i u m .  T h e c a t h o d e s  p l a t e d  w i t h  a r s e n i c ,  
a n t i m o n y ,  and t i n  d i d  n o t  p r o d u c e  t h e  d e s i r e d  r e a c t i o n .
i to d iu m . -  N e x t  t o  t h e  n a t u r e  o f  t h e  c a t h o d e ,  the 
f a c t o r  m o s t  a f f e c t i n g  t h e  c o u r s e  o f  t h e  r e d u c t i o n  w a s  t h e  
c o m p o s i t i o n  o f  t h e  c a t h o l y t e .  T he a c i d  medium c o n s i s t e d  
o f  m e t h a n o l  and  w a t e r  a s  t h e  s o l v e n t  f o r  t h e  k e t o n e  and  
s u l f u r i c  a c i d  a s  t h e  e l e c t r o l y t e .  The am oun t o f  s u l f u r i c  
a c i d  n e c e s s a r y  was k e p t  t o  a  n e a r  m inimum, b u t  w hen  o n l y  
1  m l .  w a s  u s e d  t h e r e  w a s  a  s h a r p  d ro p  i n  c u r r e n t  e f f i c i e n c y -  
L a r g e r  a m o u n ts  t h a n  3 m l .  o f  s u l f u r i c  a c i d  w e r e  n o t  u s e d  
a s ,  a t  t h i s  p o i n t ,  a d e c r e a s e  i n  y i e l d  o f  p i n a c n l  w a s  
o b t a i n e d  a l t h o u g h  c u r r e n t  e f f i c i e n c y  r e m a in e d  high. T hus  
3 m l .  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  p e r  5 g. k e t o n e  vvas 
fo u n d  t o  g i v e  t h e  b e s t  r e s u l t s ,  s i m i l a r  r e a c t i o n s  u s i n g
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
- 15 -
p i io s p j t io r ic  a c i d  i n  p l a c e  o f  t h e  s u l f u r i c  a c i d  g a v e  lo w  
c u r r e n t  e f f i c i e n c y ,  e x c e p t  w hen  u s i n g  h e a v i l y  p l a t e d  m e r c u r y  
c a t h o d e s .  The u s e  o f  s y r u p y  p h o s p h o r i c  a c i d  a s  t h e  
e l e c t r o l y t e  and  s o l v e n t  v^as h i n d e r e d  b y  e x c e s s i v e  f o a m i n g  
d u e  t o  t h e  lo w  c u r r e n t  e f f i c i e n c y  and  s t a r t i n g  m a t e r i a l  
w as  r e c o v e r e d ,  l î t h a n o l  and  w a t e r  w a s  a l s o  u s e d  a s  t h e  s o l ­
v e n t ,  b u t  w i t h o u t  i n c r e a s i n g  t h e  y i e l d .
F o r  i U . k a l i n e  m ed ium , 2 N s o d i u m  h y d r o x i d e  w a s  
u s e d  a s  s o l v e n t  and e l e c t r o l y t e .  A s  t h e  c o n c e n t r a t i o n  o f  
t h e  s o d iu m  h y d r o x i d e  w a s  i n c r e a s e d ,  t h e  p i n a c o l  p r e c i p i ­
t a t e d  o u t ,  h o w e v e r ,  t h i s  w a s  a  d i s a d v a n t a g e  a s  t h e  c a t h o d e  
b ec a m e  c o a t e d  w i t h  p r o d u c t  and t h u s  r e d u c t i o n  was h i n d e r e d .  
T h i s  medium p r o v e d  t h e  m o s t  u s e f u l  a s  i t  was e a s y  t o  p r e ­
p a r e ,  e c o n o m i c a l ,  and t h e  p r o d u c t  e a s i l y  r e c o v e r e d  and  
p u r i f i e d .
I n  a d d i t i o n  t o  s t r o n g l y  a c ' a n '  a l k a l i n e  m e d i a ,  
b u f f e r e d  s o l u t i o n s ,  v i i t h  a  pH o f  5 #6 -  A ,  o f  a c e t i c  
a c i d  a n d  s o d iu m  a c e t a t e  w e r e  a l s o  u s e :  . .'hies e  w e r e  c h a r ­
a c t e r i z e d  by o n l y  f a i r  c u r r e n t  e f f i c i e n  . w i t h  m e r c u r y  
c a t h o d e s  and  v e r y  lo w  c u r r e n t  f f I c i e n c y  w i t h  l e a d  e l e c ­
t r o d e s .
T e m p e r a t u r e . -  L o w e r i n g  t h e  t e m p e r a t u r e  belo?^ 20® 
had  no n o t i c e a b l e  e f f e c t  on t h e  c o u r s e  o f  t h e  r e d u c t i o n .  
A b o v e  3 5 - 4 0 °  t h e  y i e l d s  d ro i  p ed  o f f  i n  a c i d  ra e d iu a .  No 
s t u d y  w a s  made o f  t h e  e f f e c t s  o f  t e m p e r a t u r e  on  y i e l d  i n  
a l k a l i n e  medium, b u t  a l l  r u n s  w e r e  made b e t w e e n  2 0 - 3 0 ° ,
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C u r r e n t  d e n s i t y . -  H i g h  c u r r e n t  d e n s i t y  had  l i t t l e  
e f f e c t  i n  e i t h e r  a c i d  o r  a l k a l i n e  medium o n  t h e  t o t a l  y i e l d  
o r  p r o p o r t i o n  o f  t h e  t w o  i s o m e r s  f o r m e d ,  h o w e v e r ,  i f  i t  
w a s  t o o  low ,  n o  r e d u c t i o n  o c c a r e d .  C u r r e n t  d e n s i t y  w a s  
r e g u l a t e d  b o t h  b y  t h e  a m p e r a g e  p a s s e d  t h r o u g h  t h e  c e l l  and  
t h e  s u r f a c e  a r e a  o f  t h e  c a t h o d e .  By r e d u c i n g  t h e  a r e a  o f  
t h e  c a t h o d e ,  a h i g h  c u r r e n t  d e n s i t y  c o u l d  b e  o b t a i n e d  w i t h ­
o u t  h i g h  a m p e r a g e  s o  t h a t  o v e r h e a t i n g  o f  t h e  c e l l  w as  
a v o i d e d .
F u r l f J c a t i o n  o f  p i n a c o l .- .  A f t e r  s e p a r a t i n g  t h e  
n o n - c r y s t a l l i n e  b y - p r o d u c t s  and  u n r e a c t e d  s t a r t i n g  ma­
t e r i a l ,  t h e  c r u d e  p r o d u c t  m e l t e d  o v e r  a  r a n g e  o f  1 0 - 1 5 ®  
f r o m  a b o u t  I 5 O - I 6 5 ®» w i t h  e a c h  ru n  h a v i n g  a s l i g h t l y  
d i f f e r e n t  m e l t i n g  p o i n t .  S i n c e  tw o  i s o m e r i c  p i n a c o l s  
c a n  b e  fo r m e d  f r o m  t h i s  r e d u c t i o n ,  i t  s e e m ed  l i k e l y  t h a t  
t h i s  p r o d u c t  w a s  a  m i x t u r e .  A t t e m p t s  t o  e f f e c t  a  s e p a r a ­
t i o n  by r e c r y s t a l l i z i n g  f r o m  a c e t i c  a c i d  v jere  u n s u c c e s s f u l .  
: v i t h  e a c h  r s c r y s t a l l i z a t i o n ,  t h e r e  w as  a  l o s s  o f  5 0 .A i n  
m a t e r i a l  w i t h o u t  a  s i g n i f i c a n t  r i s e  i n  m o l t i n g  p o i n t .
S i n c e  i t  s eem ed  p o s s i b l e  t h a t  a  p i n a c o l o n e  r e a r r a n g e m e n t  
o c c u r e d  d u r i n g  t h e  h e a t i n g  w i t h  a c e t i c  a c i d ,  a c e t o n e  and  
a c e t o n e - i s o - p r o p y l  e t h e r  w e r e  t r i e d  a s  s o l v e n t s .  A g a i n  
t h e r e  w a s  e x t e n s i v e  l o s s  o f  m a t e r i a l  w i t h o u t  a p p r e c i a b l e  
im p r o v e m e n t  i n  t h e  m e l t i n g  p o i n t ,  C h r o c ia to g r s ]  U i c  m e t h o d s  
w e r e  a l s o  e m p lo y e d  i n  a t t e m p t s  t o  e f f e c t  a s e p a r a t i o n .  
S i l i c a  g e l  VM S  u s e d  a s  t h e  a d s o r b e n t ,  w i t h  e t h e r - a c e t o n ©  
a s  e l u a n t .  A g a i n ,  n o  e f f e c t i v e  s e p a r a t i o n  c o u l d  b e  made
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a l t h o u g h  t h e r e  waa a  s l i g h t  im p r o v e m e n t  i n  t h e  m e l t i n g  
p o i n t .  D u r i n g  r u n s  u s i n g  2 0 % s o d i u m  h y d r o x i d e  s o l u t i o n  
a s  e l e c t r o l y t e ,  i t  had  b e e n  n o t e d  t h a t  t h e  p i n a c o l  fo r m ed  
p r e c i p i t a t e d  o u t .  T h i s  i n s o l u b i l i t y  i n  s t r o n g  a l k a l i  m s  
t h e r e f o r e  t r i e d  a s  a  b a s i s  f o r  m a k in g  a s e p a r a t i o n .  I f  
t h e  c r u d e  p r o d u c t  w as  d i s s o l v e d  i n  d i l u t e  s o d i u m  h y d r o x i d e  
a n d  t h e n  e n o u g h  s o l i d  s o d iu m  h y d r o x i d e  a d d e d  t o  make a  
20% s o l u t i o n ,  no s o l i d  s e p a r a t e d  o n  c o o l i n g .  H o w e v e r ,  i t  
w a s  f o u n d  t h a t  c o l d  2 0 % s o d iu m  h y d r o x i d e  had a s e l e c t i v e  
s o l v e n t  a c t i o n  f o r  o n e  ( i s o m e r  B) a n d  t h a t  i f  t h e  c r u d e  
m i x t u r e s  w e r e  e x t r a c t e d  t h r e e  t i m e s  w i t h  2 0 % a l k a l i ,  a  
f a i r l y  c l e a n  s e p a r a t i o n  c o u l d  b e  m ade ,  w i t h  l i t t l e  l o s s  
o f  p r o d u c t .
I s o m e r  B s e p a r a t e d  on  a c i d i f y i n g  t h e  a l k a l i n e  
s o l u t i o n  t o  g i v e  a  p r o d u c t  m e l t i n g  a t  a b o u t  1 7 5 - 1 ^ 5 ° «
The c r u d e  m a t e r i a l  g a v e  a p p r o x i m a t e l y  e q u a l  a m o u n t s  o f  t h e  
tw o  i s o m e r s .  P u r i f i c a t i o n  o f  t h e s e  i s o m e r s  w as  d i f f i c u l t  
d u e  t o  t h e i r  t e n d e n c y  t o  o c c l u d e  s o l v e n t s  a n d  b e c a u s e  t h e y  
had l i t t l e  t e n d e n c y  t o  s e p a r a t e  f r o m  e a c h  o t h e r  on  r e -  
c r y s t a l l i z a t i o n .  T h e  p u r e s t  s a m p l e  o f  i s o m e r  A o b t a i n e d  
m e l t e d  a t  2 0 4 - 2 0 8 0 .  ( 2 0 4 - 2 0 6 °  l i t . ) ^
P r o o f  o f  s t r u c t u r e . -  Two i s o m e r s  o f  t h i s  p i n a c o l  
h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e . T h e  liqso c o n f i g u r a ­
t i o n  h a s  b e e n  a s s i g n e d  t o  o n e  m e l t i n g  a t  2 0 4 - 2 0 6 ° ,  
a l t h o u g h  t h e r e  i s  no d i r e c t  p r o o f  t h a t  t h i s  i s  t h e  p r o p e r  
c o n f i g u r a t i o n .  T h i s  i s o m e r  i s  b e l i e v e d  t o  b e  i d e n t i c a l  
w i t h  i s o m e r  A, b u t  a g a i n  t h i s  c o u l d  n o t  be p r o v e n  w i t h o u t
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a d l r e o t  c o m p a r i s o n  s u c k  a s  a m ix e d  n e l t i n ^ j  p o i n t .  Tiie d l  
i s o m e r  h a s  b e e n  r e p o r t e d  t o  m e l t  a t  9 6 - 9 7 ®, b u t  no suciv  
compound w a s  i s o l a t e d  f r o m  a n y  o f  t h e s e  r e a c t i o n  m i x t u r e s ,  
and  t h e  compound s e p a r a t e d  fro m  t h e  c o l d  a l ^ r a l l ,  i s o m e r  B ,  
wo Id  a p p a r e n t l y  h a v e  a m e l t i n g  p o i n t  a b o u t  a s  h i ( 0  a s  
i s o m e r  i f  i t  c o u l d  be  o b t a i n e d  i n  a p u r e r  s t a t e ,  ' h e n  
comi^ounds A a n d  B w e r e  m i x e d ,  t h e  m e l t i n g  p o i n t  w a s  
d e p r e s s e d  t o  1 6 2 - 1 3 9 ® -  P r o o f  t h a t  com pounds  and B w e r e  
i s o m e r i c  was o b t a i n e d  b y  h e a t i n g  e a c h  i n  a l c o h o l i c  s o l u ­
t i o n  w i t h  p - t o l u e n e s u l f o n i c  a c i d .  U n d e r  t h o s e  c o n d i t i o n s ,  
a p i n a c o l o n e  r e a r r a n g e m e n t  o c c u r e d  t o  f o r m  compound ( Î V ) ,
3 ,  3 b i s - ( p - h y d r o x y p h e n y l ) - ^ - h e x a n o n e .  T h e  r e a c t i o n  m ix ­
t u r e  w a s  a n  o i l ,  b u t  t r e a t m e n t  w i t h  b e n z o y l  c h l o r i d e  p r o ­
d u c e d  a  d i b e n z o a t e  ( V I I )  m e l t i n g  a t  1 7 3 - 5 - 1 7 5 ®  fro m  com­
pound A and 1 7 4 - 1 7 5 - 5 ®  f r o m  compound B ( l ? 8 ® l l t ,  ) } 7 o
d e p r e s s i o n  was o b s e r v e d  f r o m  a m ix e d  m e l t i n g  p o i n t .  A 
d i a c e t a t ©  o f  compound A (V I )  w as  a l s o  o b t a i n e d ,  m . p .
8 4 . 5- 8 6 ® ( 9 1 °  l i t . )
D e h y d r a t i o n  o f  t h e  i s o m e r i c  m i x t u r e  o f  A and  B a n d  
p u r i f i e d  A u s i n g  t h e  m ethod o f  D o d d r e f l u x i n g  i n  a c e t i c  
a n h y d r i d e - a c e t y l  c h l o r i d e  s o l u t i o n ,  b o t h  p r o d u c e d  d i e n o ^ t r o l  
d i a c e t a t e  ( I I I )  i n  m o d e r a t e  y i e l d ,  m . r .  1 1 7 - 1 1 9 ®
(119-120® l i t . ) H y d r o l y s i s  o f  t h e  d i a c e t a t e  p r o d u c e d  
d i e n e s t r o l  (V) m .p .  2 3 0 - 2 3 1 - 5 °  v a c .  ( 2 2 7 - 2 2 8 ®  l i t . )  
o i n c ©  t h e r e  was no d i f f e r e n c e  i n  y i e l d s  o b t a i n e d  on d e ­
h y d r a t i o n  o f  t h e  m i x t u r e  o f  I s o m e r s  and p u r i f i e d  a ,  i t  n a y
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b e  a s s u m e d  t h a t  b o t h  I s o m e r s  d e h y d r a t e  w i t h  a b o u t  e q u a l  
e a s e  a l t h o u g h  no a t t e m p t  w a s  made t o  d e h y d r a t e  p u r i f i e d  
i s o m e r  B .
SU im H Y
P l a t e d  c o p p e r  g a u z e  c a t h o d e s  h a v e  b e e n  f o u n d  t o  
b e  h i g h l y  e f f e c t i v e  i n  b r i n g i n g  a b o u t  t h e  p i n a c o l  r e d u c ­
t i o n  o f  t h e  k e t o n e ,  p - h y d r o x y p r o p i o p h e n o n e ,  I / e r c u r y  w a s  
f o u n d  t o  b e  t h e  m o s t  e f f e c t i v e  p l a t i n g  m a t e r i a l .  B o t h  d l  
and m eso  i s o m e r s  w e r e  p r o d u c e d  i n  a b o u t  e q u a l  q u a n t i t i e s  
u n d e r  a  v a r i e t y  o f  c o n d i t i o n s ,  w i t h  r e d u c t i o n  i n  a l k a l i n e  
medium g i v i n g  t h e  b e s t  r e s u l t s ,  R e s u l t s  i n d i c a t e  t h a t  
f u r t h e r  work c o u l d  b e  d o n e  p r o f i t a b l y  w i t h  t h e s e  e l e c ­
t r o d e s  on  o t h e r  com p oun ds  w h i c h  a r e  s u b j e c t  t o  t h i s  t y p e  
o f  r e d u c t i o n .
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EXPERIMENTAI
Stopper E x i t  f o r  any 
Ho formed
Cathode S t ir r e r
Thermometer An od e
Alundum
Diaphragm
Beaker
FIGURE I I
APPARATUS.
E le o t r o ly t lo  c e l l — The e l e c t r o l y t i c  c e l l  coiw  
a le te d  o f  th e  fo l lo w in g :  a 300 m l. beaker used as  th e  ca­
thode compartment. No. 15 rubber s to p p e r ,  anode, c a th o d e ,  
m echanical s t i r r e r ,  alundum diaphragm, amp, m eter, v o l t  
m eter, thermometer, and a source o f  v a r ia b le  d ir e c t  cur­
r e n t .  T h is  was assem bled a cco rd in g  to  th e  diagram.
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Cathode • -  As th e  s t r u c tu r a l  m a ter ia l fo r  the  
cathode copper gauze o f  20 , 4 0 ,  and 60 mesh per in ch  was 
used* In c a lc u la t in g  the su rfa ce  area o f  th e se  ca th o d es ,  
each w ire had a c e r t a in  amount o f  s t r e t c h  when removed 
from th e  mesh, which was due to  th e  over la p p in g  o f  one 
w ire over another to  form the  mesh. Thus, a fa c to r  was 
used fo r  each to  determ ine the a c tu a l  le n g th  from th e  
apparent or measured le n g t h .  The f a c t o r s  were 1 .1  fo r  
20 mesh, 1 .1 9  fo r  40 mesh, 1 .2 5  f o r  60 mesh. The d ia ­
meter o f  the 20 mesh w ire was 0 .0 1 5 5  in c h e s ,  th e  40 mesh 
was 0 .0 0 9  in c h e s ,  and the  60 mesh was 0 .0 0 7  in c h e s .
The cathode o f  the d e s ir e d  mesh was shaped a s  a 
c y l in d e r ,  w ith  a d iam eter s l i g h t l y  l e s s  than th e  in s id e  
o f  the beaker and sewed to g e th e r  w ith  f i n e  copper w ir e .
I t  was c lean ed  by d ip p in g  in  a d i l u t e  s o lu t io n  o f  n i t r i c  
a c id ,  washed w ith  w a te r ,  and th e  m etal o f  c h o ic e  p la te d  
upon i t .  Lead was p la te d  from a 5-10^ s o lu t io n  o f  le a d  
f lu o b o ra te  a t  1 .4 - 3 .0  amp. u n t i l  th e  d e s ir e d  c o a t in g  was 
o b ta in e d . For u n ifo rm ity  o f  l i g h t l y  p la te d  c a th o d e s ,  they  
were a l l  h e a v i ly  p la t e d  then dipped in  a 5^ s o lu t io n  o f  
copper s u l f a t e .  L ig h t ly  mercury p la te d  ca th o d es  were 
prepared by d ip p in g  th e  a c id  c lea n ed  e le c t r o d e  in  th e  
d e s ir e d  s o lu t io n  o f  m ercuric c h lo r id e .  S o lu t io n s  con­
ta in in g  2 ,  8 ,  1 2 ,  20 and 50 mg. o f  mercuric c h lo r id e  were 
u sed . H eav ily  mercury p la te d  ca th od es  were o b ta in ed  from 
s o lu t io n s  co n ta in in g  3 g .  o f  m ercuric c h lo r id e .  Bismuth
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c a t h o d e s  w e r e  e l e c t r o p l a t e d  f r o m  s o l u t i o n s  o f  b i s m u t h  n i ­
t r a t e  a n d  a l s o  f r o m  5^ s o l u t i o n s  o f  b i s m u t h  s u b c a r b o n a t e  
iR  3 3 >  p e r c h l o r i c  a c i d .  N i c k e l  am algam  c a t h o d e s  w e r e  p r e ­
p a r e d  by f i r s t  e l e c t r o p l a t i n g  n i c k e l  h e a v i l y  on t h e  c o p p e r  
g a u z e  a t  2 , 2  amp, f r o m  a  1 0 % a c q u e o u s  s o l u t i o n  o f  n i c k e l o u s  
aiamonluffl s u l f a t e  an d  20  m l ,  o f  ammonium h y d r o x i d e .  T h i s  
w a s  t h e n  d i p p e d  I n  a  s o l u t i o n  c o n t a i n i n g  50 mg, o f  mer­
c u r i c  c h l o r i d e  t o  o b t a i n  t h e  a m a lg a m a te d  c a t h o d e ,  A 
s i l v e r  am algam  vms s i m i l a r l l y  p r e p a r e d .  T he  s i l v e r  . a s  
f i r s t  p l a t e d  f ro m  a  s o l u t i o n  o f  s i l v e r  c y a n i d e  w h i c h  w a s  
p r e p a r e d  by d i s s o l v i n g  s i l v e r  n i t r a t e  i n  w a t e r ,  t h e n  n e u ­
t r a l i z i n g  w i t h  p o t a s s i u m  h y d r o x i d e ,  an d  t h e n  a d d i n g  a n  
e x c e s s  o f  p o t a s s i u m  c y a n i d e .
A r s e n i c  w a s  e l e c t r o p l a t e d  f r o m  a  s o l u t i o n  o f  3 g .  
s o d iu m  a r s e n a t e  d i s s o l v e d  w i t h  a  minimum a m o u n t  o f  h y d r o ­
c h l o r i c  a c i d  and  t h e n  d i l u t e d  t o  4 0 0  m l .  I t  w a s  d i f f i c u l t  
t o  g e t  a  u n i f o r m  p l a t i n g  o f  a r s e n i c .  T i n  w a s  e l e c t r o ­
p l a t e d  f r o m  a s o l u t i o n  c o n t a i n i n g  s t a n n o u s  o x i d e ,  w h i l e  
a n t i m o n y  w as  p l a t e d  f r o m  a s o l u t i o n ,  a n t i m o n y  o x i d e ,  d i s ­
s o l v e d  i n  h y d r o c h l o r i c  a c i d  t h e n  d i l u t e d  t o  4 0 0  t i l .  A l l  
w e r e  e l e c t r o p l a t e d  by p a s s i n g  a c u r r e n t  o f  2 , 2  a r p .
Cadmium w a s  e l e c t r o p l a t e d  a t  0 , 7  amn. fro.m a  5 
s o l u t i o n  o f  cadmium o x i d e  d i s s o l v e d  i n  i e r c h l o r i c  a c i d  an d  
t h e n  d i l u t e d  w i t h  w a t e r .  I n  p r e p a r i n g  t h e  s o l u t i o n  f o r  
t h a l l i u m  p l a t i n g ,  2 g ,  o f  t h a l l i c  o x i d e  v;as d i s s o l v e d  i n  
a  minimum am ount o f  h y d r o c h l o r i c  a c i d ,  t h e n  r e p r e c i p d  t ' t e d
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b y  n e u t r a l i z i n g  w i t h  s o d iu m  h y d r o x i d e .  T h i s  p r e c i p i t a t e  
w a s  th em  c e n t r i f u g e d ,  w a s h e d ,  and  d i s s o l v e d  i n  a minimum  
a m o u n t  o f  p e r c h l o r i c  a c i d .  T h i s  s o l u t i o n  w a s  d i l u t e d  t o  
4 0 0  m l ,  and t h e  t h a l l i u m  e l e c t r o p l a t e d  a t  2 , 2  amp. Some  
o f  t h e s e  e l e c t r o d e s  w e r e  a l s o  d i p p e d  i n  a 3ÿS s o l u t i o n  o f  
c o p p e r  s u l f a t e .
A n o d e , -  P l a t i n u m  m s  u s e d  a s  t h e  a n o d e  i n  a l l  r e ­
d u c t i o n s  a n d  e l e c t r o p l a t i n g  w i t h  t h e  e x c e p t i o n  o f  t h o s e  
u s i n g  l e a d  c a t h o d e s  i n  s u l f u r i c  o r  p h o s p h o r i c  a c i d  s o l u ­
t i o n .
D i a p h r a g m s , -  A lundum  e x t r a c t i o n  t h i m b l e s  2 0  x  BO 
mm, and  3 4  x  1 0 0  mm, o f  d e n s e  p o r o s i t y  w e r e  u s e d  a s  t h e  
d i a p h r a g m  an d  a l s o  s e r v e d  a s  t h e  a n o d e  c o m p a r t m e n t .  The  
m ethod u s e d  i n  d e c r e a s i n g  t h e  p o r o s i t y  o f  t h e  d i a p h r a g m  
f o r  u s e  i n  a c i d  m e d i u m , w a s  t o  a l l o w  t h e  t h i m b l e  t o  
s o a k  i n  a  2 0 ^  s o l u t i o n  o f  w a t e r  g l a s s  f o r  o n e  h o u r ,  t h e n  
r e m o v e  I t  and p l a c e  i t  i n  a  2 0 ^  s o l u t i o n  o f  s u l f u r i c  a c i d  
f o r  o n e  h o u r .  A t  t h e  end  o f  t h i s  t i m e ,  i t  w a s  r e m o v e d  and  
a l l o w e d  t o  d r y  f o r  t h r e e  h o u r s ,  t h e n  s t o r e d  i n  a 2 0 ^ s o l u ­
t i o n  o f  s u l f u r i c  a c i d .  T h i s  p r o c e d u r e  vjas n e c e s s a r y  o n l y  
i n  t h e  c a s e  o f  t h e  l a r g e r  t h i m b l e s .
R e d u c t i o n
A c i d  m e d i u m , -  The c a t h o l y t e  c o n s i s t e d  o f  1 0  g .  
o f  p - h y d r o x y p r o p i o p h o n o n e  d i s s o l v e d  i n  200  m l ,  o f  
m e t h a n o l ,  7 0  m l ,  o f  w a t e r ,  a n d  6  m l ,  o f  c o n c e n t r a t e d  
s u l f u r i c  a c i d .  T h e  o n o l y t e  w a s  4 0  m l ,  o f  m e t h a n o l .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
—25“ '
1 4  a i l .  o f  w a t e r ,  a n d  1 o i l .  o f  c o a c e n t i r e i t e d  s u l f u r i c  a c i d .  
T he c a t h o d e  an d  a n o d e  w e r e  a s  p r e v i o u s l y  d e s c r i b e d .  T h e  
r e d u c t i o n  w as  a l l o w e d  t o  p r o c e e d  a t  2 5 ® u s i n g  a  w a t e r  
b a t h  t o  c o n t r o l  t h e  t e m p e r a t u r e ,  and  s t i r r e d  v i g o r o u s l y  
u n t i l  c u r r e n t  e f f i c i e n c y  a p p e a r e d  t o  h a v e  d r o p p e d  t o  z e r o .  
The i n i t i a l  c u r r e n t  w a s  2 . 6  amp. a t  a p o t e n t i a l  o f  B v o l t s .  
Upon c o m p l e t i o n  o f  t h e  r e d u c t i o n ,  t h e  c a t h o l y t e  w a s  n e u ­
t r a l i z e d  w i t h  ammonium h y d r o x i d e ,  f i l t e r e d  a n d  t h e  m e t h a n o l  
re m o v e d  i n  v a c u o .  The r e s u l t i n g  brown gummy m a t e r i a l  w a s  
e x t r a c t e d  w i t h  e t h e r ,  t h e  e t h e r  s o l u t i o n  d r i e d  w i t h  mag­
n e s i u m  s u l f a t e ,  f i l t e r e d  and  t h e n  t h e  e t h e r  e v a p o r a t e d  i n  
v a c u o .  The r e s i d u e  w as  c r y s t a l l i z e d  f r o m  a  minimum a m o u n t  
o f  a c e t i c  a c i d  w i t h  c a r e  b e i n g  t a k e n  n o t  t o  h e a t  o v e r  
3 5 - 4 0 ®, and t h e  c r y s t a l l i n e  m a t e r i a l  s e p a r a t e d  b y  s u c t i o n  
f i l t r a t i o n .  A f t e r  d r y i n g ,  a  y i e l d  o f  4 4 ^  w i t h  a m . p ,  
1 4 7 -5 9 ®  w as  o b t a i n e d .  T h i s  p r o d u c t  w a s  t h a n  r e c r y s t a l ­
l i z e d  f r o m  a c e t i c  a c i d  t o  o b t a i n  a  m . p ,  1 6 0 - 6 9 ®, h o v ; e v e r ,  
t h e r e  w as  a 50/» l o s s  o f  p r o d u c t .  The p u r i f i c a t i o a  o f  
t h i s  c r u d e  p r o d u c t  i s  b e s t  o b t a i n e d  b y  f o l l o v j i n g  t h e  
p r o c e d u r e  d e s c r i b e d  b e l o w ,  u s i n ^  2 0 %  s o d i u m  h y d r o x i d e .  
A l k a l i n e  m e d iu m . -  The c a t h o l y t e  c o n s i s t e d  o f  
1 0  g .  o f  p - h y d r o x y p r o p l o p h e n o a o  d i s s o l v e d  i n  1 3 5  m l ,  o f  
2 H s o d i i im  h y d r o x i d e .  T he  c a t h o d e  w a s  h e a v i l y  p l a t e d  
m e r c u r y  w i t h  p l a t i n u m  a n o d e .  T h e  r e d u c t i o n  v;as c a r r i e d  
o u t  by p a s s i n g  a  c u r r e n t  o f  2 , 2  amp, a t  a p o t e n t !  1  o f  
7 , 5  v o l t s  f o r  4 7  m i n u t e s .  T he  m i x t u r e  w a s  v i g o r o u s l y
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s t i r r e d  and  t h e  t e m p e r a t u r e  o f  2 5 ® m a i n t a i n e d  w i t h  t h e  
a i d  o f  v m t e r  b a t h .  A t  t h e  c o a ^ l e t i o n  o f  t h e  r e d u c t i o n ,  
t h e  c a t h o l y t e  w a s  n e u t r a l i z e d  w i t h  a c e t i c  a c i d ,  h e a t e d  
u n t i l  t h e  gummy p r e c i p i t a t e  s o l i d i f i e d ,  t h e n  b r o k e n  up 
and  1 0  g .  o f  s o d i u m  c h l o r i d e  a d d e d .  The  p r e c i p i t a t e  
w a s  t h e n  f i l t e r e d ,  w a s h e d  w i t h  h o t  w a t e r ,  an d  d r i e d .  A 
c r u d e  y i e l d  o f  9 . 9  g .  ( 9 9 ^) o f  g l y c o l ,  m .p .  1 ^ 8 - 5 9 ®, 
w a s  o b t a i n e d .  T h i s  p r o d u c t  w a s  t h e n  e x t r a c t e d  w i t h  c o l d  
2 0 ^  s o d i u m  h y d r o x i d e  and  a f t e r  a c i d i f y i n g  t h e  s o d iu m  
h y d r o x i d e  i n s o l u b l e  m a t e r i a l  w i t h  a c e t i c  a c i d ,  a  y i e l d  
o f  4 . 6  g .  m . p .  1 7 1 - 7 9 ®  w a s  o b t a i n e d .  Upon e x t r a c t i n g  
t w i c e  m o r e .  I n  a  s i m i l a r  m a n n e r ,  a  f i n a l  y i e l d  o f  3 . 1  g .  
o f  i s o m e r  A ,  m . p .  1 9 8 - 2 0 4 ®  w as  o b t a i n e d .  T h e  a l k a l i n e  
f i l t r a t e s  w e r e  c o m b i n e d ,  n e u t r a l i z e d  w i t h  a c e t i c  a c i d ,  
and  c o o l e d .  A f t e r  f i l t e r i n g ,  w a s h i n g ,  a n d  d r y i n g  2 . 7  g .  
o f  i s o m e r  B ,  m . p .  1 6 1 - 7 3 °  w a s  o b t a i n e d .  T h i s  vjas d i s s o l v ­
ed i n  r e a g e n t  a c e t o n e ,  i n  w h i c h  i t  w a s  v e r y  s o l u b l e ,  a n d  
b o i l e d  down w h i l e  i s o p r o p y l  e t h e r  w a s  a d d e d .  T h i s  p r o c e s s  
w a s  c o n t i n u e d  u n t i l  a l l  t h e  a c e t o n e  vjas e v a p o r a t e d  w i t h  
much c a r e  b e i n g  t a k e n  t o  a v o i d  b u m p i n g .  T h e  s o l v e n t  v m s  
d e c a n t e d  w h i l e  h o t  and  t h e  r e s i d u e  w a s h e d  w i t h  i s o p r o p y l  
e t h e r .  A r e c o v e r y  o f  2 . 2  g .  w i t h  a  m .p .  1 5 9 - 7 1 ®  w a s  
o b t a i n e d .  Ho f u r t h e r  p u r i f i c a t i o n  o f  t h i s  p o r t i o n  o f  t h e  
p r o d u c t  w as  a t t e m p t e d .
B u f f e r e d  m e d i u m . -  The c a t h o l y t e  c o n s i s t e d  o f  7 0  
m l .  o f  m e t h a n o l ,  30  m l .  o f  w a t e r ,  15  m l .  a c e t i c  a c i d ,  6  g .
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s o d l u a  a c e t a t e ,  and ? g .  p - t i y d r o x y r r o p i o p U e n o n e .  The  
a n o l y t e  c o n s i s t e d  o f  4  m l .  m e t h a n o l ,  4  o i l .  T - b u t y l  
a l o c h o l ,  8 m l .  o f  v a t e r ,  3 m l .  a c e t i c  a c i d , and 1 g .  
s o d iu m  a c e t a t e .  A h e a v i l y  p l a t e d  m e r c u r y  c a t h o d e  w as  u s e d .  
T h e  r e d u c t i o n  w as  c a r r i e d  o u t  b y  p a s s i n g  a  c u r r e n t  o f  2 . 2  
amp. a t  a  p o t e n t i a l  o f  15  v o l t s  f o r  o n e  h o u r .  A t e m p e r ­
a t u r e  o f  3 0 ® was m a i n t a i n e d  w i t h  t h e  a i d  o f  a w a t e r  b a t h  
a n d  v i g o r o u s  s t i r r i n g .  The pH a t  t h e  s t a r t  o f  t h e  r e a c t i o n  
w as 5*6  and  a t  t h e  en d  5 * 8 .  A t  t h e  c o m p l e t i o n  o f  t h e  r e ­
d u c t i o n ,  t h e  c a t h o l y t e  \ a s  p a r t l y  n e u t r a l i ' z e d  v^lth s o d iu m  
s y d r o x i d e  and c o m p l e t e d  w i t h  so d iu m  b i c a r b o n a t e ,  and t h e  
m e t h a n o l  e x a p o r a t e d  i n  v a c u o .  T h i s  r e s u l t i n g  p r o d u c t  was  
e x t r a c t e d  w i t h  e t h e r ,  d r i e d  w i t h  m agnesium  s u l f a t e ,  and 
t h e  e t h e r  e v a p o r a t e d  i n  v a c u o .  B o i l i n y  t o l u e n e  was u sed  
f o r  s e p t a r a t i n g  t h e  c r y s t a l l i n e  and n o n - c r y s t a l l i n e  p r o ­
d u c t s ,  h o w ev er^  d u e  t o  t h e  p o o r  r e c o v e r y  o f  p r o d u c t ,  t h e  
t o l u e n e  was e v a p o r a t e d  I n  v a c u o  and  a c e t i c  a c i d  u sed  t o  
r e c o v e r  t h e  r e m a i n d e r  a s  i n  t h e  a c i d  r e d u c t i o n s .  y i e l d  
o f  1 . 4  g* m .p .  1 6 5 - 1 7 7 ®  was o b t a i n e d .
2 .»  k .  b i s  {o -m eth oxyp )h en y l ) ^  h e x a n e d i o l , -  The
c a t h o l y t e  c o n s i s t e d  o f  1 0  g .  p - m e t h o z y p r o p i o p h e n o n e ,  85 m l .  
o f  m e t h a n o l ,  1 3  m l .  o f  a c e t i c  a c i d ,  5 g* so d iu m  a c e t a t e ,  
a n d  30 m l .  o f  w a t e r .  The a n o l y t e  was 3 m l . o f  a c e t i c  a c i d ,
1  g .  o f  s o d i u m  a c e t a t e ,  10 m l .  o f  w a t e r ,  and 3 m l .  o f  ■- b u t y l  
a l c o h o l .  The  r e d u c t i o n  was c a r r i e d  o u t  by p a s s i n g  a  c u r r e n t  
o f  2 . 2  amp. a t  a  p o t e n t i a l  Of 15  v o l t s  f o r  9^ m i n u t e s .
T h e  t e m p e r a t u r e  o f  25® w as m a i n t a i n e d  w i t h  t h e  a i d  o f  w a t e r
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b a th *  Due t o  t h e  p r e c i p i t a t i o n  o f  t h e  r I n a o o l ,  t h e  
c a t h o d e  b eca m e h e a v i l y  c o a t e d  a f t e r  30 / n i a u t e s  and i n t e r ­
f e r e d  w i t h  t h e  r e d u c t i o n  b y  l o w e r i n g  c u r r e n t  e f f i c i e n c y .
A t  t h e  c o m p l e t i o n  o f  t h e  r e a c t i o n ,  t h e  c a t h o l y t e  was  
n e u t r a l i z e d  w i t h  s o d iu m  h y d r o x i d e ,  t h e  m e t h a n o l  e v a p o r a t e d  
i n  v a c u o ,  and  1 0 0  m l ,  o f  w a t e r  added*  I t  w a s  t h e n  h e a t e d  
t o  n e a r  b o i l i n g ,  1 0  g ,  s o d iu m  c h l o r i d e  a d d e d ,  and upon  
c o o l i n g  a  p r e c i p i t a t e  fo rm ed  v ;h ich  was f i l t e r e d ,  w a sh ed  w l t h  
w a t e r ,  and  d r i e d *  A y i e l d  o f  2 . 6  g ,  w i t h  a  m .p .  I 7 9 - I 9 O® 
w as o b t a i n e d ,  h o w e v e r ,  no f u r t h e r  p u r i f i c a t i o n  was a t t e m p t e d ,
F u r i f l c e t i o n  o f  t h e  p r o d u c t . -
As a  t e s t  f o r  s t a r t i n g  m a t e r i a l ,  2 ,  4  d i n l t r o p h e n y l -  
h y d r a z i n e  was u s e d  and  when fo u n d  p r e s e n t ,  i t  was rem oved  
b y  f o r m i n g  t h e  w a t e r  s o l u b l e  s e m i c a r b a z o n e .  T h i s  r e p a i r e d  
4  6 * o f  s e m i c a r b a z i d ©  h y d r o c h l o r i d e  d i s s o l v e d  i n  a  minimum 
am ount  o f  w a t e r  and 6  g* so d iu m  a c e t a t e  d i s s o l v e d  i n  a 
minimum am ount o f  m e t h a n o l .  T h o se  s o l u t i o n s  w e r e  p o u red  
t o g e t h e r ,  f i l t e r e d ,  and  added  t o  S  g .  o f  t h e  c r u d e  p i n a c o l  
i n  a  1 0 0  ml* round  b o t t o m  f l a s k .  T h i s  w as r e f l u x e d  f o r  75  
m i n u t e s  and t h e n  p o u r e d  i n t o  300 m l .  o f  warm w a t e r .  Upon 
c o o l i n g ,  a  p r e c i p i t a t e  form ed  w h ic h  was t h e n  e x t  r e  t e d  
u s i n g  c o l d  2 0 , ' j  s o d iu m  h y d r o x i d e  a s  t h e  s o l v e n t .  The i n s o l ­
u b l e  m a t e r i a l  w as  f i l t e r e d  o f f  u s i n g  a s i n t e r e d  g l o s s  f u n ­
n e l ,  an d  t h e  w a s h i n g  w i t h  2 0 ;̂  so d iu m  h y d r o x i d e  r e p e a t e d  
t w i c e  m o r e .  The i n s o l u b l e  p r o d u c t  w as  d i s s o l v e d  I n  w a t e r ,  
t h e  s o l u t i o n  a c i d i f i e d  v ; i th  a c e t i c  a c i d ,  and t h e  s o l i d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
•■29 '“
w h i c h  s e p a r a t e d ,  f i l t e r e d ,  w a s h e d  w i t h  w a t e r ,  and d r i e d  
t o  o b t a i n  2 , 7  g -  and a  m .p ,  1 9 5 - 2 0 4 ° .  The a l k a l i n e  
f i l t r a t e s  w e r e  c o m b in e d  and n e u t r a l i z e d  w i t h  a c e t i c  a c i d ,  
c o o l e d  and t h e  r e s u l t i n g  p r e c i p i t a t e ,  i s o m e r  B ,  f i l t e r e d ,  
w a sh e d  w i t h  w a t e r  and d r i e d ,  a  y i e l d  o f  2 , 1  g ,  w i t h  a 
m e l t i n g  p o i n t  o f  1 8 0 —2 0 5 °  w as  o b t a i n e d b u t  no f u r t h e r  
p u r i f i c a t i o n  w as  a t t e m p t e d .  I s o m e r  a  w as  r e c r y s t a l l i z e d  
f r o m  r e a g e n t  a c e t o n e  w i t h  c o n s i d e r a b l e  l o s s ,  h o w e v e r ,  t h i s  
w as r e c o v e r e d  b y  b o i l i n g  o f f  t h e  a c e t o n e  and a d d i n g  
i s o p r o p y l  e t h e r .  The r e c r y s t a l l i z e d  i s o m e r  A m o l t e d  a t  
190- 200° .
P r e p a r a t i o n  o f  d e r i v a t i v e s . -
D le n e s tr o l  d i a c e t a t e . -  The p in a co l v âs a c e ty la te d  
and dehydrated accord in g  t o  th e  method o f  D o d d s , I n  a 
100 ml, round bottom f l a s k ,  10 g ,  o f  th e  p in a co l was d i s ­
so lv e d  in  35 ml, o f  a c e t i c  anhydride and 4 ml, o f a c e ty l  
c h lo r id e .  A fte r  r e f lu x in g  fo r  th ree  hours, th e  a c e ty l  
c h lo r id e  and a c e t i c  anhydride were d i s t i l l e d  o f  in  vacuo.
To the r e s id u e ,  30-40 ml, o f  w ater was added, n e u tr a liz e d  
w ith  sodium b ica r b o n a te , and wawhed by d éca n ta tio n  w ith  
w ater . The r e s u l t a n t  product was d is so lv e d  in  25 ml, o f  
eth an o l and then  b o i le d  down to  15 ml, from which the  
d le n e s t r o l  d ia c e t a t e  p r e c ip i t a t e d .  The crude product was 
r e c r y s t a l l i z e d  from eth an ol to  y ie ld  3*6 g ,  w ith  a m.p.
1 1 7 - 1 1 9 °  ( 1 1 9 - 1 2 0 °  l i t , ) .
D l e n e s t r o l , -  The d i a o e t a t e  w as  h y d r o l y z e d  b y  r e -  
f l u x i n g  w i t h  7 , 5 ’ s o d iu m  h y d r o x i d e  f o r  14  h o u r s  t o  o b t n i n
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3 ,  4  b i s  ( p - i i y d r o x p h e n y l )  2 ,  4  h e x a d l n e ,  ( d l e n e s t r o l )  
m.p* 2 1 5 -2 2 4 ®  i n  a  y i e l d .  T h i s  w a s  r e c r y s t a l l i z e d  
f r o m  i s o p r o p y l  e t h e r  t o  g i v e  a  m .p .  2 2 3 . 5- 2 2 6 =" ( 2 2 7 - 8  
l i t . ) w i t h  d e c o s p o s i t i o n .  VThen d r i e d  i n  v a c u o  and  
t h e  c a p i l l a r y  s e a l e d  a  m .p .  2 3 0 - 2 3 1 . 5® w i t h o u t  d e ­
c o m p o s i t i o n  w as o b t a i n e d .
2 >  2  b i s  (p - h y d r o x y p h e n y l ) 4  h e z a n o n e . d l b e n z o a t e . 
One gram  s a m p l e s  o f  i s o m e r  A and B w e r e  d i s s o l v e d  s e p a r a t e ­
l y  i n  20  m l .  o f  e t h a n o l  a n d  t o  e a c h  s o l u t i o n  0 , 3  g .  o f  
p - t o l u e n e - s u l f o n i c  a c i d  w as  a d d e d .  A f t e r  b o i l i n g  f o r  20  
m i n u t e s ,  t h e s e  s o l u t i o n s  w e r e  p o u r e d  i n t o  200 m l ,  o f  warm 
w a t e r  and a l l o w e d  t o  c o o l .  The o i l y  s u b s t a n c e  w h ic h  
s e p a r a t e d  w as e x t r a c t e d  w i t h  e t h e r ,  d r i e d  w i t h  m agnesium  
s u l f a t e ,  and  t h e  e t h e r  e v a p o r a t e d  i n  v a c u o .  The r e s i d u e  
w a s  d i s s o l v e d  i n  10  m l .  o f  p o t a s s i u m  h y d r o x i d e  and b e n z o y l  
c h l o r i d e  ad d ed  d r o p w i s e  w i t h  v i g o r o u s  s h a k i n g .  The d i -  
b e n z o a t e s  s o  p r e p a r e d  w e r e  r e c r y s t a l l i z e d  from  e t h a n o l ,  
t o  o b t a i n  1 . 1  g .  (657^) m .p .  1 7 1 . 5 - 1 7 4 ® ,  i s o m e r  A; 1 . 2  g .  
(70,5) m .p .  1 7 1 -1 7 4 ® »  i s o m e r  B .  The  d i b e n z o a t e  o f  B was  
r e c r y s t a l l i z e d  fro m  b e n z e n e  t o  g i v e  a p r o d u c t  m e l t i n g  a t  
1 7 4 - 1 7 5 . 5® ( 1 7 8 ® l i t . ) . ^7 n o  d e p r e s s i o n  o f  m e l t i n g  p o i n t  
w a s  o b t a i n e d  b y  t h e  m ixed  m e l t i n g  p o i n t  o f  t h e  k e t o n e  
d i b e a z o a t e s  o b t a i n e d  f r o m  i s o m e r  and B.
2f  2  b i s  ( P -h y d ro x y r i i i i e n y l ) 4  h e x a n o n q . d l a c e t a t e . -  
One gram  o f  i s o m e r  A w as  d i s s o l v e d  i n  20 o i l .  o f  e t h a n o l  
a n d  0 . 3  g .  o f  p - t o l u e n e s u l f o n i c  a c i d  a d d e d .  A f t e r  b o i l i n g
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f o r  2 0  m i n u t e s ,  t h e  s o l u t i o n  iv&s p o u r e d  i n t o  200  ml* o f  
■wara w a t e r  and c o o l e d .  T h i s  o i l y  r e s i d u e  vjoa e x t r a c t e d  
w i t h  e t î i e r ,  and t h e  e t h e r  e v a p o r a t e d  i n  v a c u o ,  t h e n  r e -  
f l u x e d  v . i t h  15  m l .  o f  a c e t i c  a n h y d r i d e  and 2  m l .  a c e t y l  
c h l o r i d e  f o r  9 0  m i n u t e s .  The a c e t y l  c h l o r i d e  and a c e t i c  
a n h y d r i d e  w a s  d i s t i l l e d  o f f  i n  v a c u o ,  30 m l ,  o f  W î t e r  
a d d e d ,  and  n e u t r a l i z e d  w i t h  s o d iu m  b i c a r b o n a t e .  T h i s  was  
t h e n  w a sh e d  w i t h  w a t e r  b y  d é c a n t a t i o n  and t h e  p r o d u c t  
r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  g i v e  a p p r o x i m a t e l y  a 75;^ 
y i e l d  w i t h  a  m . p .  8 4 , 5 - ^ 6 °  ( 9 1 ® l i t . ) . ^ ®
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ABSTRACT
Tbe c o n d i t i o n s  f o r  r e d u c t i o n  o f  k e t o n e s  t o  
p i n a c o l s  a t  p l a t e d  c o p p e r  g a u z e  c a t h o d e s  w e r e  s t u d i e d .  
M ercury p l a t e d  4 0  and  6 0  m esh  c o p p e r  g a u z e  w a s  t h e  m o s t  
e f f e c t i v e  i n  b o t h  a c i d  and  a l k a l i n e  m ed ium . L ead  p l a t e d  
c o p p e r  g a u z e ,  t h e  s e c o n d  m o st  e f f e c t i v e  c a t h o d e ,  w a s  
f o l l o w e d  by  cadm ium , s i l v e r - m e r o u r y ,  t h a l l i u m ,  n i c k e l -  
m e r c u r y ,  and  b i s m u t h .  T i n ,  a n t i m o n y ,  a n d  a r s e n i c  d i d  
n o t  p r o d u c e  t h e  d e s i r e d  r e a c t i o n .  F o r  a c i d  medium  
0 . 0 2 2 ; ;  l î^ ïO ^ ,  a s  t h e  e l e c t r o l y t e ,  g a v e  t h e  b e s t  r e s u l t s  
w h i l e  i n  a l k a l i n e  m ed ium , 2 ÎÎ NaOH g a v e  t h e  b e s t  r e s u l t s .  
The f o r m a t i o n  o f  t h e  d l  and  m eso  i s o m e r s  i n  a b o u t  e q u a l  
p r o p o r t i o n s  w e r e  s e p a r a t e d  b y  c o l d  20;^ s o d i u m  h y d r o x i d e .  
B o t h  i s o m e r s  u n d e r g o  d e h y d r a t i o n  an d  a c é t y l a t i o n  t o  g i v e  
d l e n e s t r o l  d i a c e t a t e  v j h i c h ,  u pon  h y d r o l y s i s ,  g i v e s  
d l e n e s t r o l .  H e a t i n g  t h e  i s o m e r s  i n  a c i d  c a u s e s  t h e m  t o  
u n d e r g o  t h e  p i n a c o l o n e  r e a r r a n g e m e n t .  B y  t h e  S c h o t t e n -  
Baumann r e a c t i o n ,  t h e  d l b e n z o a t e  w a s  p r e p a r e d  and  
s e p a r a t e d .
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